Suspension polymerization of polystyrene by Barrix, Clayton
Suspension Polymerization of Polystyrene  
Clayton Barrix, Dr. Matthew Ray, University of Wisconsin-Stout 
Abstract 
 
 Commercially relevant polymers are manufactured on a 
multi-ton scale before pelletization for use in injection molding 
applications.  Pelletization equipment is expensive and not well 
suited for small research scale batches of synthetic polymers 
targeting the development of new and novel polymer 
architectures.  For this reason, we are investigating 
polymerization methods that produce sand like polymer 
product directly from the reactor that can be used in injection 
molding equipment without pelletization.  Specifically, we are 
investigating suspension polymerization of styrene using 
polyvinyl alcohol as the suspending agent.  Results of the 
synthesis, process optimization, injection molding, and 
materials testing procedures will be discussed. 
Results 
 
 After the material had sufficiently dried, it was weighed to 
see how much of the styrene had converted to polystyrene.  To 
characterize the particle size distribution, a small amount of the 
product was sprinkled onto a sheet of paper and a digital 
photograph was taken (Figure 2). Image J software was then 
used to count the number of particles in the picture and 
measure their diameters and the sphericity of the particles. 
From this data, it was possible to obtain an average diameter, a 
histogram showing the diameter distribution, and the 
percentage of spherical particles. Some thermal data was also 
collected using a differential scanning calorimeter to compare 
the glass transition temperature of the material we made with 
that of a standard polystyrene. All of these data can be seen in 
Table 2 below. 
 
  
Experimental 
 
 Suspension polymerizations were performed by adding a 
different variation of the standard recipe shown in Table 1 to a 
three-necked reactor flask. The flask was fitted with a stir rod 
and blade attached to an overhead stirrer through the middle 
neck, a thermocouple probe and nitrogen purge gas through 
the right neck, and a condenser in the left neck. Figure 1 shows 
the setup.  Each reaction took approximately 18 hours to 
complete.  
 After the reaction was finished, the polystyrene and 
remaining liquid were separated using vacuum filtration 
through a Buechner funnel. The product was also rinsed with 
water several times in hopes of removing some residual PVA 
that may be left on the particles.  Finally, the product was left in 
a 50°C oven for two days to dry. 
Discussion 
 
 The future goal is to find a way to better control the size 
and shape of the synthesized particles. The target properties 
are for the particles to be as large as possible while still 
maintaining a mostly spherical shape so that they more closely 
resemble the pellets normally used in injection molding. The 
batches already made would likely feed through an injection 
molding machine since we already were able to make a tensile 
test bar using very small polystyrene particles synthesized 
through emulsion polymerization (Figure 3). The part was 
clouded with un-melted material and air bubbles however, 
which were most likely due to a non-homogeneous melt.  
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Conclusions 
 
 The processes developed have produced a material suitable 
for feeding through an injection molding machine without 
significant difficulty.  However, future investigations will target 
improving the process so that it yields clear polystyrene spheres of 
more uniform size.  The proof-of-concept experiments presented 
here suggest that this method is well suited for synthesizing small 
batches of polymer of varying composition and then directly 
processing those batches on injection molding equipment. 
Composition #1  
Role Ingredient Amount 
Continuous  Phase Water 117g 
Monomer Styrene 44g 
Stabilizer 
5% Polyvinyl Alcohol 
(PVA) 
13g 
Co-stabilizer Hexadecane 1g 
Initiator 
Benzoyl Peroxide 
(BPO) 
0.2g 
Agitator Stir Rate 300rpm 
Heat Temperature 80°C 
Table 1: Standard Recipe 
Figure 1: Reactor setup 
Batch Composition 
Average 
Diameter 
(mm) 
% Spherical 
Tg 
(°C) 
Decomp. 
(°C) 
A #1 0.661 46.27 102.5   
B 
#1, with no 
Hexadecane 
Batch Failed -- -- -- 
C #1 0.993 16.36     
D #1, with double BPO 0.942 20.23     
E 
#1, with double 
Hexadecane 
0.690 32.58     
F #1, with double PVA 0.817 18.59     
Table 2: Data collected from each batch 
Figure 3: Tensile bar molded with emulsion polymer 
Figure 2: Optical micrographs of polystyrene particles with corresponding 
histograms of diameter distribution. Panel D* shows a higher magnification 
optical micrograph of particles from Batch D.   
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